Introduction {#S1}
============

Mutations in *MECP2* cause Rett syndrome as well as a variety of neuropsychiatric syndromes including autism, bipolar disorder with cognitive deficits, and childhood onset schizophrenia with intellectual disabilities[@R1]-[@R6]. RTT is typically characterized by loss of language skills and hand use, cognitive deficits, stereotyped behaviors, impaired coordination, apraxia, ataxia, seizures, respiratory dysrhythmias and sometimes premature lethality[@R1], [@R6]-[@R13]. Mice either lacking MeCP2 or engineered to express an allele mimicking some RTT-causing mutations reproduce many of the phenotypes of RTT[@R14]-[@R16]. In search of the anatomical basis of RTT, early studies showed that deleting MeCP2 from nearly all post-mitotic neurons and glia using Cre-recombinase (Cre) driven by the *Nestin* promoter (*Nestin-Cre*) reproduce neurological phenotypes of RTT[@R14], [@R15]. In contrast, subsequent neuron-specific or regional *Mecp2* deletion studies reproduce some aspects of Rett syndrome[@R17]-[@R20]. Loss of MeCP2 from dopaminergic neurons causes motor incoordination whereas loss from serotoninergic neurons leads to increased aggression[@R19]; loss from the amygdala impairs amygdala-dependent learning and memory[@R20]; and *Mecp2* deletion in the hypothalamic Sim1-expressing neurons leads to alterations in feeding behavior, aggression, and stress response[@R18]. Postnatal loss of MeCP2 from forebrain excitatory neurons produce motor incoordination, increased anxiety-like behaviors, and impaired fear conditioning and social behavior[@R17]. These genetic studies suggest discrete features of RTT are associated with dysfunction of discrete neuronal populations ([Supplemental Table 1](#SD1){ref-type="supplementary-material"}); nonneuronal cells, such as glia, may also contribute to RTT[@R21], [@R22]. Importantly, deletions of MeCP2 from specific neurons frequently provide novel insight into the role of the targeted neurons in mediating certain behaviors and phenotypes. In this study we explore the consequences of loss of MeCP2 from GABAergic neurons and demonstrate that subtle perturbation of GABAergic neuronal function contributes to neuropsychiatric phenotypes.

Generation and characterization of *Viaat-Cre* mice {#S2}
===================================================

Our observation that cortical wild-type GABAergic neurons express \~50% more MeCP2 than non-GABAergic neurons ([Fig.1a](#F1){ref-type="fig"}, *p* \< 0.02) hinted that MeCP2 might be particularly important to GABAergic function. To assess the role of MeCP2 in GABAergic neurons we used a bacterial artificial chromosome (BAC) containing the *Viaat* (*vesicular inhibitory amino acid transporter*) promoter to target Cre expression in global GABAergic neurons ([Supplemental Fig. 1a-c](#SD1){ref-type="supplementary-material"})[@R23]. *Viaat* encodes a transporter required for loading GABA, as well as glycine, into synaptic vesicles[@R24], [@R25]. Since the BAC contained 77.5 kb upstream and 23 kb downstream of the *Viaat* locus that includes the truncated coding sequence for *Actin-related protein 5 homolog* (*Actr5*), we performed quantitative real-time reverse-transcription polymerase chain reaction (Q-RTPCR) and found neither *Viaat* nor *Actr5* is overexpressed in *Viaat-Cre* mice ([Supplemental Fig. 1d](#SD1){ref-type="supplementary-material"}). Characterization of *Viaat-Cre* expression using *ROSA26R-EYFP* reporter mice[@R26] showed \>98% colocalization between GABA and EYFP labeled cells and no colocalization with the astrocytic marker, glial fibrillary acidic protein (GFAP) ([Fig.1b](#F1){ref-type="fig"} and Supplemental Fig. [2a-i](#SD1){ref-type="supplementary-material"}, [3a](#SD1){ref-type="supplementary-material"}).

*Viaat-Mecp2^−/y^* mice display nearly all RTT features {#S3}
=======================================================

We generated conditional *Mecp2* deletion mice by crossing *Viaat-Cre* to *Mecp2^flox/+^* mice[@R14]. Male *Viaat-Mecp2^−/y^* mice lost MeCP2 from \>90% GABAergic neurons ([Fig.1c](#F1){ref-type="fig"}, *p* \< 0.0001). We compared male *Viaat-Mecp2^−/y^* mice to male littermate controls: wildtype (*WT*), Cre transgene (*Viaat-Cre*), and conditional allele *(Flox*, with constitutive 50% reduction in MeCP2 levels[@R27]).

*Viaat-Mecp2^−/y^* mice were indistinguishable from controls until \~5 weeks of age, when they exhibited hindlimb clasping repetitive behaviors including forelimb stereotypies reminiscent of mid-line hand-wringing ([Fig. 1d](#F1){ref-type="fig"}, Supplemental Videos [1](#SD4){ref-type="supplementary-material"} and [2](#SD5){ref-type="supplementary-material"}). These repetitive behaviors were not seen in controls (Supplemental Videos [3](#SD6){ref-type="supplementary-material"}-[5](#SD8){ref-type="supplementary-material"}). *Viaat-Mecp2^−/y^* mice spent 300% more time grooming than wildtype mice leading to fur loss and epidermal lesion in group- and single-housed mice ([Fig. 1e,f](#F1){ref-type="fig"}, *p* \<0.0001). The self-injury was not due to impaired nociception ([Supplemental Fig. 4a,b](#SD1){ref-type="supplementary-material"}). Another compulsive behavior was revealed in the holeboard assay for head-dipping stereotypy: *Viaat-Mecp2^−/y^* mice showed a greater tendency than controls to poke their nose into the same hole two or more sequential times ([Fig. 1g](#F1){ref-type="fig"}, *p* \<0.0001).

*Viaat-Mecp2^−/y^* mice showed progressive motor dysfunction with more footslips on a wire grid at 5 weeks of age ([Fig. 2a](#F2){ref-type="fig"}, *p* \< 0.0001), impaired dowel walk at 9 weeks ([Fig. 2b](#F2){ref-type="fig"}, *p* \< 0.001), and shorter latency to fall on accelerating rotarod at 19 weeks (Supplemental [Fig. 4c](#SD1){ref-type="supplementary-material"} and [Fig. 2c](#SD1){ref-type="supplementary-material"}, *p* \<0.05). The mice also developed motor weakness with decreased latency to fall on wire hang and reduced forelimb grip strength at 9 weeks ([Fig. 2d](#F2){ref-type="fig"}, *p* \< 0.001 and [2e](#F2){ref-type="fig"}, *p* \< 0.0001). Twelve-week old mice showed a trend toward reduced activity ([Fig. 2f](#F2){ref-type="fig"}), but became clearly hypoactive by 19 weeks ([Fig. 2f](#F2){ref-type="fig"}, *p* \<0.0001). We found no evidence of anxiety-like phenotypes, indicating hypoactivity did not reflect increased anxiety ([Supplemental Fig. 5a-h](#SD1){ref-type="supplementary-material"}).

Partition test and modified 3-chamber assay for quantifying social interaction showed that 12-13-week old *Viaat-Mecp2^−/y^* mice spent significantly more time exhibiting directed interest through sniffing, pawing, or rearing near the partner mouse ([Fig. 2g](#F2){ref-type="fig"}, *p* \<0.0001; [Fig. 2h](#F2){ref-type="fig"}, *p* \<0.0001; [Supplemental Fig. 6c-f](#SD1){ref-type="supplementary-material"}), but in a separate novel object interaction test they showed no more interest in a novel Lego™ inanimate object, than controls ([Fig. 2i](#F2){ref-type="fig"}). The mice were poor nest-builders ([Fig. 2j](#F2){ref-type="fig"}, *p* \<0.0001 and [Supplemental Fig. 6a,b](#SD1){ref-type="supplementary-material"}, *p* \< 0.0001), which could be due to alterations in social behavior or forepaw apraxia. Since we found no signs of anxiety-like phenotypes, these alterations in social behavior are independent of anxiety ([Supplemental Fig. 5a-h](#SD1){ref-type="supplementary-material"}).

We assessed olfactory recognition and learning and found that *Viaat-Mecp2^−/y^* mice recognized and habituated to a novel vanilla odorant, but spent more time sniffing vanilla than controls on the first test day without differences on the second test day ([Supplemental Fig. 7a,b](#SD1){ref-type="supplementary-material"}, *p* \< 0.01). This increased sniffing time could be a manifestation of repetitive behavior and may contribute to the increase in social interaction.

We examined the acoustic startle response (ASR) and percent of prepulse inhibition (PPI) as indicators of sensorimotor arousal and gating[@R28]. *Viaat-Mecp2^−/y^* mice showed significantly lower ASR to 120 dB than controls ([Fig. 2k](#F2){ref-type="fig"}, *p* \< 0.001) and significantly increased PPI at 78 and 82 dB prepulses ([Fig. 2*l*](#F2){ref-type="fig"}, *p* \< 0.05), revealing that GABAergic regulation of sensorimotor gating and arousal requires MeCP2 function.

To determine whether MeCP2 deficiency in GABAergic neurons impairs hippocampal learning and memory, we evaluated *Viaat-Mecp2^−/y^* mice in the Morris water maze paradigm. Despite a similar rate of learning during the four training days, *Viaat-Mecp2^−/y^* mice had difficulty locating the platform during the probe trial ([Fig. 2m,n](#F2){ref-type="fig"}, *p* \< 0.05).

Premature lethality is associated with MeCP2 deficiency in all human males, in some RTT females, and in mouse models lacking MeCP2 in all neurons[@R1], [@R14], [@R15]. Roughly half of *Viaat-Mecp2^−/y^* mice died by 26 weeks of age after a period of dramatic weight loss ([Fig. 3a](#F3){ref-type="fig"} and [Supplemental Fig. 8](#SD1){ref-type="supplementary-material"}). Coinciding with the weight loss, *Viaat-Mecp2^−/y^* mice developed severe respiratory dysfunction, with 42% reduced tidal volume, 45% reduced minute volume, and frequent apneas lasting more than 0.4 s ([Fig. 3b, 3c](#F3){ref-type="fig"}, *p* \<0.0001, [3d](#F3){ref-type="fig"}, *p* \<0.02, and [3e](#F3){ref-type="fig"}, *p* \< 0.05). Similar respiratory abnormalities are prominent in RTT and could contribute to early death[@R8], [@R9]. We note that *Flox* males, which display some respiratory alterations[@R19], [@R27], show neither premature lethality nor apneas, thus constitutive partial reduction of MeCP2 levels is insufficient to shorten lifespan.

*Dlx5/6-Mecp2^−/y^* mice reproduce many RTT features {#S4}
====================================================

Since dysfunction of forebrain structures, such as the striatum and cortex, could be responsible for the stereotypies, compulsive behavior, motor dysfunction, and social behavioral alterations, we employed a forebrain-specific GABAergic Cre, *Dlx5/6-Cre*[@R29], [@R30], to remove MeCP2 from a subset of forebrain GABAergic neurons and generate male conditional deletion mice referred to as *Dlx5/6-Mecp2^−/y^*. *Dlx5/6-Mecp2^−/y^* mice displayed repetitive behavior, impaired motor coordination, increased social interaction preference, reduced ASR, and enhanced PPI. Complete details of the characterization of *Dlx5/6-Cre* expression pattern and *Dlx5/6-Mecp2^−/y^* phenotypes can be found in [Supplemental Fig. 3b](#SD1){ref-type="supplementary-material"}, [Supplemental Fig. 7c, 7d](#SD1){ref-type="supplementary-material"}, and Supplemental Figures [9](#SD1){ref-type="supplementary-material"}-[12](#SD1){ref-type="supplementary-material"}. In contrast to *Viaat-Mecp2^−/y^* mice, *Dlx5/6-Mecp2^−/y^* mice survive to at least 80 weeks without apparent alterations in respiratory function ([Fig. 3a,b,f-h](#F3){ref-type="fig"}), suggesting that respiratory dysfunction and premature lethality could result from either loss of MeCP2 in only hindbrain GABAergic neurons or synergism between MeCP2 deficiency in hindbrain and forebrain GABAergic neurons.

Reduced GABA and *Gad1/2* in *Viaat-Mecp2^−/y^* mice {#S5}
====================================================

Given the repetitive behaviors, motor deficits, altered sensorimotor gating and arousal, and altered social behavior observed in *Viaat-Mecp2^−/y^* and *Dlx5/6-Mecp2*^−/y^ mice, we focused on cortex and striatum to determine a mechanism by which selective MeCP2 deficiency impacts GABAergic function.

Immunolabeling showed that somatic GABA content in layer 2/3 cortical neurons and in striatal medium spiny neurons was reduced by 37% and 50%, respectively, in *Viaat-Mecp2^−/y^* mice ([Fig. 4a](#F4){ref-type="fig"}, *p* \<0.0005; [Fig. 4b](#F4){ref-type="fig"}, *p* \< 0.0001). Given that somatic GABA content is indicative of intracellular GABA level, which is determined by the biosynthetic activity of glutamic acid decarboxylase-67 (Gad67) and -65 (Gad65)[@R31], we assessed whether mRNA level of *Gad1* (encoding Gad67) and *Gad2* (encoding Gad65) is affected by MeCP2 deficiency in GABAergic neurons. Q-RTPCR revealed that mRNA level of *Gad1* and *Gad2* was reduced by 36% and 28%, respectively, in *Viaat-Mecp2^−/y^* cortex ([Fig. 4c](#F4){ref-type="fig"}, *p* \<0.05) and reduced by 54% and 62%, respectively, in striatum ([Fig. 4d](#F4){ref-type="fig"}, *p* \< 0.05). To determine whether the reduction in *Gad1* and *Gad2* expression is specific to MeCP2 deletion from GABAergic neurons, we used *CamKIIα-Cre*[@R32] to selectively delete *Mecp2* from forebrain excitatory neurons (denoted as *CamKIIα-Mecp2^−/y^* mice). Neither *Gad1* nor *Gad2* expression is altered in *CamKIIα -Mecp2^−/y^* cortex ([Fig. 4e](#F4){ref-type="fig"}), demonstrating the cell-autonomous specificity of reduced *Gad1* and *Gad2* expression in *Viaat-Mecp2^−/y^* mice.

Chromatin immunoprecipitation (ChIP) on *WT* brain tissue showed that MeCP2 occupies the region 1 kb upstream of the transcriptional start site (TSS) of *Gad1* and *Gad2* ([Fig. 4f](#F4){ref-type="fig"}), and this binding is absent in constitutive null (*Mecp2^−/y^*, denoted as *KO*)[@R14] and IgG controls. Using primers spanning the region from 500 bp to 3.5 kb upstream of *Gad1* and *Gad2* TSS showed selective enrichment of MeCP2 occupancy upstream of TSS for both genes and one intergenic region for *Gad1* ([Fig. 4g,h](#F4){ref-type="fig"}) demonstrating enrichment of MeCP2 at the *Gad1* and *Gad2* promoters. Promoter occupancy for *Gad1* and *Gad2* was minimal in *KO* ([Fig. 4g,h](#F4){ref-type="fig"}), confirming the binding specificity. The reduced GABA immunoreactivity and *Gad1/2* expression predict that MeCP2 deficiency in GABAergic neurons may reduce GABAergic synaptic quantal size.

Quantal size, excitability, and plasticity are altered in *Viaat-Mecp2^−/y^* mice {#S6}
=================================================================================

Recording of miniature inhibitory postsynaptic currents (mIPSCs) from layer 2/3 pyramidal neurons of the somatosensory (S1) cortex in acute brain slices showed that the amplitude and charge of mIPSCs were reduced in *Viaat-Mecp2^−/y^* mice, with no alterations in frequency ([Fig. 5a,b](#F5){ref-type="fig"}, *p* \< 0.0001). However, the miniature excitatory postsynaptic current (mEPSC) quantal size and frequency were similar to controls ([Fig. 5c,d](#F5){ref-type="fig"}), suggesting that MeCP2 deficiency from GABAergic neurons does not have non-cell-autonomous impact on quantal release from glutamatergic neurons.

To determine whether the reduction in mIPSC quantal size is due to pre- or postsynaptic alterations, we used cultured neurons for pharmacological manipulation. We confirmed that MeCP2-deficient autaptic striatal GABAergic neurons showed reduced mIPSC amplitude and charge, with no alterations in frequency ([Fig. 5e](#F5){ref-type="fig"}, *p* \< 0.02, [5f](#F5){ref-type="fig"}). Next we examined responsiveness of GABA~A~ receptors by applying a 2-second pulse of 5 μM GABA and found no differences in the magnitude of the response between *WT* and *KO* neurons ([Fig. 5g](#F5){ref-type="fig"}), indicating that MeCP2 deficiency does not significantly alter postsynaptic response to GABA. MeCP2 deficiency also does not significantly alter the paired pulse ratio, indicating presynaptic release probability is similar between *WT* and *KO* neurons ([Fig. 5h](#F5){ref-type="fig"}). These results show that MeCP2 deficiency in GABAergic neurons leads to functional presynaptic reduction in GABA release and are consistent with the reduced *Gad1*/*2* levels and GABA immunoreactivity. Altogether, these data indicate that loss of MeCP2 in GABAergic neurons compromises intracellular GABA levels via cell-autonomous effect on *Gad1/2* mRNA levels.

The reduction in GABA content and inhibitory neurotransmission could cause hyperexcitable network activity. Electroencephographic (EEG) recordings revealed that constitutive null mice suffer both electrographic seizure and non-seizure hyperexcitability discharges ([Fig. 5i](#F5){ref-type="fig"}). *Viaat-Mecp2^−/y^* mice displayed frequent hyperexcitability discharges ([Fig. 5i](#F5){ref-type="fig"}), but no electrographic seizures despite prolonged continuous monitoring. Remarkably, EEG recordings from 39-week old *Dlx5/6-Mecp2^−/y^* mice showed neither electrographic seizures nor hyperexcitability discharges ([Supplemental Fig. 10*l*](#SD1){ref-type="supplementary-material"}), indicating that loss of MeCP2 in a subset of GABAergic neurons is insufficient to cause hyperexcitability.

To determine whether impairments in synaptic plasticity can result from loss of MeCP2 in GABAergic neurons, we examined Schaffer-collateral (SC) synapses in acute hippocampal slices from *Viaat-Mecp2^−/y^* mice and controls. We observed no significant differences in input-output curves or paired-pulse ratio ([Supplemental Fig. 13a,b](#SD1){ref-type="supplementary-material"}), but we did observe impaired long-term potentiation (LTP) induced by theta-burst-stimulation (TBS) of SC synapses in *Viaat-Mecp2^−/y^* mice ([Fig.5j](#F5){ref-type="fig"}, *p* \<0.05). To determine whether additional stimulation could increase LTP in *Viaat-Mecp2^−/y^* slices, we used a saturating LTP paradigm with three separate TBS. In contrast with control slices, *Viaat-Mecp2^−/y^* slices resisted further increases in potentiation ([Fig. 5k,l](#F5){ref-type="fig"}, *p* \< 0.05), possibly because the basal state of the circuit in *Viaat-Mecp2^−/y^* slices is closer to maximal potentiation and therefore cannot respond with further potentiation upon subsequent stimulations. These results also suggest that cellular disruptions or circuit alterations in addition to altered GABAergic transmission may contribute to impaired LTP.

Discussion {#S7}
==========

Previous electrophysiological studies using mice constitutively lacking MeCP2 showed reduction in excitatory synaptic strength and glutamatergic synapse numbers in both isolated autaptic neurons and slices[@R33],[@R34]. Additionally, some studies indicated that the strength of inhibition in the cortex, hippocampus, and brainstem is also altered upon constitutive loss of MeCP2[@R35]-[@R37]. Whether these alterations in GABAergic inhibition were cell-autonomous or had specific behavioral consequences remained unknown. We now demonstrate that GABAergic dysfunction is a critical mediator of RTT phenotypes. Mice with MeCP2 deficiency in GABAergic neurons initially exhibit normal behavior, then develop forepaw stereotyped movements, compulsive grooming, increased sociability (similar to RTT Stage III or IV)[@R12], impaired motor coordination, learning/memory deficits, abnormal EEG hyperexcitability, severe respiratory dysrhythmias, and premature lethality. Sensorimotor gating and arousal are also altered. It is noteworthy that MeCP2 deficiency in a subset of forebrain GABAergic neurons is sufficient to cause some repetitive behaviors, impaired motor coordination, increased social interest, and altered sensorimotor gating and arousal. The phenotypic similarity between *Viaat-Mecp2^−/y^* mice and RTT strongly suggests that disrupting MeCP2 function in GABAergic neurons alone perturbs the neuronal network in a way similar to what occurs in RTT.

It is intriguing that subtle disruption of GABAergic neuronal function by 30-40% reduction in GABA neurotransmitter release, as assayed neurophysiologically, leads to significant functional abnormalities and neuropsychiatric features. Prior studies implicated a role for GABAergic dysfunction in isolated behaviors, such as altered learning and memory[@R38], [@R39] and impaired social behavior[@R40] (but see also[@R41]). To our knowledge loss of MeCP2 in GABAergic neurons, both globally and in a subset, is unique in that it reveals a multitude of neuropsychiatric phenotypes encompassing social behavior, learning/memory, motor function, stereotyped behaviors, and sensorimotor gating.

The discovery that MeCP2 deficiency in GABAergic neurons alters *Gad1/2* expression and results in a change in neuronal GABA content with corresponding alterations in synaptic physiology provides critical insight into how MeCP2 supports GABAergic function. Although MeCP2 binds broadly throughout the genome with selectivity to methylated sites[@R42], there are sites where binding is increased relative to neighboring regions, including alternative promoters at the *Bdnf* locus[@R42]-[@R45], and as shown in this study for *Gad1/2*. Exactly how the broad and region specific binding of MeCP2 affects specific gene expression remains to be elucidated but certainly the reduction in *Bdnf* mRNA levels (in *Mecp2* constitutive null mice) and *Gad1/2* (in this study) demonstrate that such binding is consequential to gene expression. It is worth noting in this context that some post-mortem studies have observed reduced *Gad1*/*2* expression in schizophrenia, bipolar disorder, or autism patients[@R46]-[@R50], three disorders found, in rare instances, to be caused by *MECP2* mutations[@R2]-[@R5]. It may be that GABAergic dysregulation, from any of a variety of causes, is central to the pathogenesis of these neuropsychiatric disorders. Our study supports the critical role of the GABAergic system in modulating neuropsychiatric behaviors and suggests that manipulations of this system might be a promising avenue for therapeutic interventions.

###### Methods Summary

The mice used in all behavioral, molecular, and electrophysiological studies were still active, still gaining weight, had no signs of seizures (before, during, or after behavioral testing): did not display any staring-freezing episodes and had no signs of delay in performing the behavioral tasks. All data are presented as mean ± standard error of mean with *n* and ages as shown in figures or stated in text. Full statistical tests and values for behavioral studies are presented in Supplemental Tables [2](#SD2){ref-type="supplementary-material"} and [3](#SD3){ref-type="supplementary-material"}. \* *p* \< 0.05, \*\* *p* \< 0.01, and \*\*\* *p* \< 0.001
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![*Viaat-Mecp2^−/y^* mice lose MeCP2 in GABA^+^ neurons and develop stereotypies, self-injury, and compulsive behavior\
**(a)** *WT* cortex layer 2/3 neurons from 17-week old mice labeled with DAPI, MeCP2, and GABA reveal 50% higher MeCP2 levels in GABA^+^ (circled) than in GABA^−^ cells (asterisk). Data normalized to MeCP2 level in GABA^−^ cells; *n* = 3 mice per genotype. **(b)** *Viaat-Cre* expression as assessed by *ROSA26R-EYFP* reporter and colocalization of EYFP and GABA in 14-week old mice. **(c)** More than 90% of GABA^+^ cells in *Viaat-Mecp2^−/y^* mice lack MeCP2. Data from *n* = 3 mice per genotype. **(d)** Seven-week old *Viaat-Mecp2^−/y^* mice displaying forepaw and hindlimb clasping (arrowhead). **(e)** *Viaat-Mecp2^−/y^* mice showing fur loss at 15 weeks of age and self-injury, including ocular damage, at 24 weeks (arrowhead). **(f,g)** *Viaat-Mecp2^−/y^* mice show \~300% increase in grooming time **(f)** and in number of holes explored with ≥ 2 sequential nose-pokes **(g)**.](nihms-245935-f0001){#F1}

![MeCP2 deficiency in GABAergic neurons causes several RTT-like features\
**(a-f)** *Viaat-Mecp2^−/y^* mice have more footslips **(a)**, reduced number of side touches on dowel **(b)**, shorter latency to fall on rotarod **(c)** and wire **(d)**, reduced forelimb grip strength **(e)**, and pronounced hypoactivity **(f)**. **(g)** *Viaat-Mecp2^−/y^* mice have intact social recognition but increased social interaction with novel and familiar partners. **(h)** *Viaat-Mecp2^−/y^* mice spend 60% more time interacting with the unfamiliar stranger mouse than controls. The wire cup served as a familiar inanimate control without social valence. **(i)** *Viaat-Mecp2^−/y^* mice exhibit similar interaction time with a novel inanimate Lego™ object compared to controls. **(j)** *Viaat-Mecp2^−/y^* mice are poor nest-builders. **(k,l)** *Viaat-Mecp2^−/y^* mice show impaired maximum ASR to 120 dB **(k)** and increased PPI at 78 and 82 dB prepulses **(l)**. **(m,n)** *Viaat-Mecp2^−/y^* mice have similar learning rate during training **(m)** but reduced crossings over the target platform location during the probe test **(n)**.](nihms-245935-f0002){#F2}

![Loss of MeCP2 in inhibitory GABAergic neurons compromises respiration and survival\
**(a)** *Viaat-Mecp2^−/y^* mice exhibit premature lethality with 50% survival by 26-weeks. *Dlx5/6-Mecp2^−/y^* mice survive up to at least 80-weeks. **(b)** Representative plethysmography traces from 32-week old *WT*, *Flox*, *Dlx5/6-Cre*, *Viaat-Cre*, *Dlx5/6-Mecp2^−/y^*, and *Viaat-Mecp2^−/y^* mice. Only *Viaat-Mecp2^−/y^* mice exhibit pronounced apneas and abnormal respiratory pattern. **(c-e)** *Viaat-Mecp2^−/y^* mice show 42% reduction in tidal volume **(c)**, 45% reduction in minute volume **(d)**, and increased number of apneas longer than 0.4 s **(e)**. **(f-h)** *Dlx5/6-Mecp2^−/y^* mice show no alterations in tidal volume, minute volume, and no apneas.](nihms-245935-f0003){#F3}

![MeCP2 deficiency in GABAergic neurons reduces *Gad1*, *Gad2*, and GABA levels\
**(a, b)** Somatic GABA immunoreactivity in GABA^+^ cells from 15-17-week old *Flox* and *Viaat-Mecp2^−/y^* mice labeled with DAPI, MeCP2, and GABA. GABA^−^ cells are labeled with asterisks. Images show loss of MeCP2 and reduced GABA immunoreactivity in GABA^+^ cells (circled) of *Viaat-Mecp2^−/y^* mice by 37% in cortical layer 2/3 neurons **(a)** and 50% in striatal neurons **(b)**. Data normalized to GABA level in *WT*; *n* = 2-4 mice per genotype. **(c, d)** *Gad1* and *Gad2* mRNA levels are reduced in *Viaat-Mecp2^−/y^* cortex by 36% and 28%, respectively **(c),** and in *Viaat-Mecp2^−/y^* striatum by 54% and 62%, respectively **(d)**. **(e)** *Gad1* and *Gad2* mRNA levels are unaltered in *CamKIIα-Mecp2^−/y^* cortex. **(f)** ChIP reveals MeCP2 occupancy of *Gad1* and *Gad2* promoters in *WT*, which is absent in IgG and *KO*. **(g, h)** Mapping MeCP2 occupancy upstream of TSS, after normalization with IgG, reveals increased occupancy in *WT* (**black line)** across *Gad1* **(g)** and *Gad2* **(h)** promoters without enhanced MeCP2 binding in *KO* **(red line)**.](nihms-245935-f0004){#F4}

![MeCP2 deficiency in GABAergic neurons results in reduced mIPSC quantal size in cortical layer 2/3 and striatal neurons, EEG hyperexcitability, and impaired hippocampal LTP\
**(a-d)** Data from three mice per genotype and the number of neurons recorded is shown. **(a, b)** mIPSC amplitude and charge are reduced in *Viaat-Mecp2^−/y^* cortical slices. Average traces for each genotype are overlaid and graphs show mIPSC amplitude and charge **(a)**, and frequency **(b)**. **(c, d)** mEPSC amplitude and charge are unaltered in *Viaat-Mecp2^−/y^* cortical slices. Average traces for each genotype are overlaid and graphs show mEPSC amplitude and charge **(c)**, and frequency **(d)**. **(e-h)** Data from two independent autaptic striatal cultures and the number of neurons recorded is shown. Average traces for each genotype are overlaid and bar graphs show *KO* neurons have reduced mIPSC amplitude and charge **(e)**, but no differences in frequency **(f)**. **(g)** 5 μM GABA evokes similarly sized responses from *WT* and *KO*. **(h)** PPR is similar between *WT* and *KO*. **(i)** EEG recordings from constitutive null and *Viaat-Mecp2^−/y^* mice compared to *WT*. Constitutive null *Mecp2^−/y^* mice *(n* = 4) occasionally develop electrographic seizures, but predominantly exhibit hyperexcitability discharges. *Viaat-Mecp2^−/y^* mice (*n* = 7) frequently exhibit hyperexcitability discharges, but do not show electrographic seizures. **(j-l)** Acute hippocampal slices from 11-13-week old mice, six mice per genotype, reveal reduced magnitude of TBS-LTP **(j)** and saturating LTP shows no further increases in synaptic potentiation **(k)** in *Viaat-Mecp2^−/y^* slices. Number of slices recorded shown in the figure. **(l)** Significant increase in potentiation with the second TBS in controls but not in *Viaat-Mecp2^−/y^* slices.](nihms-245935-f0005){#F5}
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